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  ﻤﻠﺨﺹ ﺍﻟﺒﺤﺙ
ﺍﻟﺤﻁﺏ )ﺍﻟﻐﺎﺯ ﺍﻟﻤﻨﺘﺞ ﻴﺴﺘﺨﻠﺹ  ﺒﻭﺍﺴﻁﺔ ﻋﻤﻠﻴﺔ ﺍﻟﺘﻐﻭﻴﺯ ﻭﻫﻲ ﺘﺤﻭﻴل ﺍﻟﻜﺘﻠﺔ ﺍﻟﺤﻴﺔ 
ﻭﺘﺘﻡ ﻋﻤﻠﻴﺔ ﺘﺤﻭﻴل ﺍﻟﻜﺘﻠﺔ ﺍﻟﺤﻴﺔ ﺇﻟﻰ ﻏﺎﺯ . ﺤﺭﺍﺭﻴﺎ ﺇﻟﻰ ﻏﺎﺯ (ﺍﻟﻤﺨﻠﻔﺎﺕ ﺍﻟﺯﺭﺍﻋﻴﺔ ﻭﻤﻨﺘﺠﺎﺘﻬﻤﺎ 
ﻭﻴﺘﻜﻭﻥ ﺍﻟﻐﺎﺯ ﺍﻟﻤﻨﺘﺞ ﻤﻥ ﺃﻭل ﺃﻜﺴﻴﺩ ﺍﻟﻜﺭﺒﻭﻥ ﻭ . ﺒﻭﺍﺴﻁﺔ ﺠﻬﺎﺯ ﻴﻁﻠﻕ ﻋﻠﻴﻪ ﺠﻬﺎﺯ ﺍﻟﺘﻐﻭﻴﺯ 
ﻭﺘﻌﺘﻤﺩ ﻨﺴﺏ ﻫﺫﻩ ﺍﻟﻤﻜﻭﻨﺎﺕ ﻋﻠﻰ ﺤﺴﺏ . ﻴﺩ ﺍﻟﻜﺭﺒﻭﻥ ﻭﻤﻴﺜﻴﻥ ﻭ ﻨﻴﺘﺭﻭﺠﻴﻥ ﻭﻜﺒﺭﻴﺕ ﺜﺎﻨﻲ ﺃﻜﺴ
ﺩﺭﺠﺔ ﺍﻟﺤﺭﺍﺭﺓ ، )ﻨﻭﻉ ﺠﻬﺎﺯ ﺍﻟﺘﻐﻭﻴﺯ ﻭﺍﺍﻟﻭﻗﻭﺩ ﺍﻟﻤﺴﺘﺨﺩﻡ ﻟﻠﺠﻬﺎﺯﻭ ﺍﻟﺘﻜﻴﻑ ﺍﻟﻤﺼﺎﺤﺏ ﻟﻠﻌﻤﻠﻴﺔ 
ﻭﻴﺴﺘﺨﺩﻡ ﺍﻟﻐﺎﺯ ﺒﻌﺩ ﺍﻟﺘﻨﻘﻴﺔ ( .ﺍﻟﻀﻐﻁ ، ﻭﻨﺴﺒﺔ ﺍﻟﺭﻁﻭﺒﺔ ﻓﻲ ﺍﻟﻭﻗﻭﺩ ﺍﻟﻤﺴﺘﻌﻤل ﻓﻲ ﺍﻟﺠﻬﺎﺯ
ﺭﺍﻕ ﺍﻟﺩﺍﺨﻠﻲ ﻭﺍﻟـﺘﻭﺭﺒﻴﻨﺎﺕ ﺍﻟﻐﺎﺯﻴﺔ ﻭ ﺨﻼﻴﺎ ﺍﻟﻭﻗﻭﺩﻭ ﺍﻟﺘﺴﺨﻴﻥ ﻭﺍﻟﺘﺒﺭﻴﺩ ﻓﻲ ﻤﺎﻜﻴﻨﺎﺕ ﺍﻹﺤﺘ
ﻭﻗﺩﺃﺠﺭﻴﺕ  ﺘﺠﺭﺒﺔ  ﺘﻡ ﻓﻴﻬﺎ ﺘﺸﻐﻴل ﻤﺎﻜﻴﻨﺔ ﺩﻴﺯل ﺒﺎﻟﻭﻗﻭﺩ ﺍﻟﺨﺎﻟﺹ ﻭ ﺨﻠﻴﻁ ﻤﻥ ﺍﻟﻐﺎﺯﺍﻟﻤﻨﺘﺞ .
ﻭﺍﻟﺩﻴﺯل ﺒﻨﺴﺏ ﻤﺨﺘﻠﻔﺔ ﻋﻨﺩ ﺴﺭﻋﺎﺕ ﻤﺨﺘﻠﻔﺔ ﻭﻋﻨﺩ ﺃﻯ ﺴﺭﻋﺔ ﺘﻡ ﺘﻐﻴﺭ ﺍﻟﻬﻭﺍﺀ ﺍﻟﺩﺍﺨل ﻟﻠﻤﺎﻜﻴﻨﺔ 
ﻨﺔ ،ﺤﻴﺙ ﻜﺎﻨﺕ ﺍﻟﺤﻤﻭﻟﺔ ﺍﻟﻤﺴﺘﺨﺩﻤﺔ ﻫﻲ ﻤﻀﺨﺔ ﻤﺎﺀ ﻭ ﺇﺨﺘﻴﺎﺭ ﺍﻟﺴﺭﻋﺔ ﺍﻟﻤﻨﺎﺴﺒﺔﻟﺘﺸﻐﻴل ﺍﻟﻤﺎﻜﻴ
 .        ﻁﺎﺭﺩﺓ ﻤﺭﻜﺯﻴﺔ
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Abstract  
A diesel engine has been maintained  operated and optimised . An existing 
a gasifier was cleaned and maintained ,and connected to a blower .The gasifier is 
made ready and connected to the engine .The gas produced from this gasifier 
was used to run the diesel engine mixed in certain proportions with diesel fuel . 
The engine was operated at fist with pure diesel fuel , and the performance 
of the engine, when driving a fixed load (centrifugal pump )was obtained. Then 
the engine was operated by dual fuel (producer gas and diesel), this done at 
different speeds, where at each speed the secondary air was changed, From these 
tests the  best performance at a certain speed was found.    
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Chapter One 
Literature Review 
1-1 Introduction: 
Energy has long been viewed as an essential ingredient to meet our basic 
needs and to stimulate and support economic growth and our standard of living. 
For the greater part of the last century the rising global demand for energy has been met to 
an increasing extent by the use of fossil fuels. This trend was encouraged by the 
comparatively low price of oil, which in many instances has not been used in the most 
efficient way. With ever-rising demand for fossil fuels there has been an accompanying 
realization that these energy resources are finite in extent and should therefore be regarded 
as wasting assets .Therefore it is better to use those energy resource which are of a non-
deleting nature, which is renewable. One of these energy resources is biomass that consists 
of (biogas, gasification, condensation). 
Technologies enabling the use of alternative fuels derived from biomass are therefore of 
great relevance to developing countries, one such technology widely during oil shortages 
occurring in world war11 is gasification of solid fuel such as coal ,charcoal, wood and 
agricultural residues . [7] 
The main energy used in Sudan is hydro energy. In Sudan 90% of biomass energy 
consumed as fire wood while 10% are used as building material, while cotton stalks are 
burnt to get rid of insects. It is more better to use this resource as energy than to be wasted. 
One of the technologies of using cotton stalks is gasification and briquetting. [8&9] 
There are some technologies used in Gezira Port to manipulate cotton stalks such as 
briquetting –carbonisation.   
Cotton stalks could be used as fuel for gasfier after the briquetting process (chopped into 
pieces of approx, 5cm long) by further chopping in hammer mill and by pressing in to 
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briquets of diameter 10cm in a piston press [United Nation Industrial Development 
Organisation(UNIDO)].  The process of briquetting in Gezira was stopped in (2000) [8]  
1-2 History and General Information:  
The first time the gas was used for light in the United States occurred in 
1796 as an experiment at a light home in 1806 and at a house in 1810and in 
commercial businesses in (1816-1849). The manufacture of gas was expanded in 
(1877-1900) and maximized at (1901-1919).With termination of the world war, 
the manufactured gas industry continued to suffer feedstock shortage. The 
internal combustion engine was invented using producer gas about 1880; all of 
this change started in 1930, when national gas from oil wells began to be used 
during world war (2) over a million gasfirs was built for the civilian sector while 
the military used up all the gasoline. At the middle of the 1970's the increase in 
oil prices has led to a renewed interest in wood gasification technology. 
The first manufactured gas(Town gas) plant was built in England in 1812 
although the first record of experimental manufactured gas production from coal 
dated back to the seventeen-century in England. In North America the first plant 
was built in Baltimore in 1816, and in Boston in 1822 and in New York in 1825. 
It has been estimated that more than 1500 manufactured gasifiers were in 
operation in United States during the nineteenth century and the first half of the 
twentieth century. 
The low prices of petroleum and natural gas had and adverse impact on 
the marketability of biomass gasification technologies .Several of the plants built 
in north America have been shut down, dismantled .or place on standby. Due to 
the escalation of oil prices in the late 1970s the technology was revived and 
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some of updraft gasifiers were commercialized from 1982 to 1986 in Europe and 
have been successfully operated without wood and peat. 
1-2-1 Wood Gasification in an Air-Blown up Draft Gasifier:- 
An up draft, wood chip gasifier built by Applied Engineering Company in 
1980 in Georgia .A similar unit was built in late 1981 for the Florida power 
corporation [1]                          
1-2-2 Agricultural residues gasification in an air-blown up draft gasifier: 
Several small-scale –fixed bed updraft gasifiers are operated commercially in Sweden and 
Finland for the gasification of a wide range of biomass feed stalks including wood chips 
saw mill residues-straw [1]. 
Research into the technology of the gasifier/engine system has provided modern designs 
which are appropriate to rural applications in developing countries .Such systems are 
economic in certain conditions and found in many developing countries, but the technology 
and manufacturing facilities are not widely available and their commercial utilization is 
limited. 
 
 
1.3 Types of Gasifiers 
1.3.1 Classification of Gasifiers: 
Gasifiers are classified according to the following: 
i) The direction of the gas flow. 
ii) The output power (Output or capacity of the gasifiers):- 
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1. Small size gasifiers with output power up to10k W. 
2. Medium size gasifiers with output power in the range 10 kW to 50 kW. 
3. Large size gasifiers with out put in the range of 50 kW to 300kW. 
4. Very large gasifiers with output power 300kW and above.  
Gasifiers may also be classified according to the type of the bed i.e.: 
(1) Fixed bed.  (2) Fluidised bed [1]. 
1.3.1-2 Fixed Bed Gasifiers: 
The three main designs of fixed bed gassfiers are: 
a) Up draught. (b) Down draught  (c) Cross draught. 
a.Up Draught Gasifiers: 
In which the air enters below the combustion zone and the producer gas 
leave near the top of the gasifier see Fig (1-1). 
Near the grate at the bottom the combustion reactions occur, which are 
followed by reduction reactions, in the upper part of gasifier heating and 
pyrolysis of the feed stock occur as a result of heat transfer by forced 
convection and radiation from the lower zone .The tar and volatiles produced 
during this process will be carried in the gas stream. Ashes are removed from 
the bottom of the gasifier, so the gas produced has practically no ash but 
contain tar and water vapour because of the passing of gas through the un burnt 
fuel. 
Hence, up draught gasifier are suitable for tar free like char-coal especially 
in stationary engines. 
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Advantages and Disadvantages of Up Draught Gasifier: 
The major advantages of this type of gasifier are its simplicity high 
charcoal burn-out and internal heat exchange leading to low gas exit 
temperatures and high equipment efficiency, as well as the possibility of 
operation with many types of feed stock. [3] 
Major draw backs result from the possibility of ‘channelling’ in the 
equipment, which can lead to oxygen break–through which lead to dangerous, 
explosive situations and the necessity to install automatic moving grates, as well 
as from the problems associated with disposal of the tar-containing condensates 
that result from the gas cleaning operations. The later is of minor importance if 
the gas is used for direct heat application in which case the tars are simply burn. 
[3] 
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Fig (1-1) Up Draught or Counter Current Gasifier[3] 
b) Down draught or co-current gasifiers:- 
     In which air enters at the combustion zone and the gas produced leaves near 
the bottom of the gasifier, see Fig(1-2). 
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Fig (1-2) Down Draught or Co-current Gasifier [3] 
In the type of gasifiers, the volatiles and the tars produced from the 
descending fixed bed have to pass through the reaction zone where mostly they 
are racked and gasified (oxidized to CO and hydrogen). Simultaneously some of 
the water under goes reaction   
  H2+CO--------CO2 +H2+2.85 (endothermic)…………               .(1.1) 
  H2O+C---------CO+H2   +175 (endothermic)………       …..(1.2) [5] 
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Provided that the wood fuel contains less than 30% moisture and the 
process will sustain a high enough temperature to remove a lot of tar and yield 
a high hydrogen content product. Also a constriction provided in the hearth i.e. 
the throat ensures that the gaseous products pass through the hottest zone, the 
gas produced contain less of tar and more of ash. This gasifiers is suitable for 
fuels like wood and agricultural wastes. They may be used for power 
generation up to above 150 kW, and beyond that they may be geometrical 
limitations upon gas quality [1]. 
The main advantage of down draught gasifiers lies in the possibility of 
producing a tar-free gas suitable for engine applications. 
Because of the lower level of organic component in the condensate, 
downdraught gasifires suffer less from environment objections than up draught 
gasifiers[3]. 
A major drawback of downdraught equipment lies in its inability to 
operate on a number of up processed fuels. In particular, low density materials 
give rise to flow problems and excessive pressure drop, and the solid fuel must 
be briquetted before use. Downdraught gasifiers also suffer from the problems 
associated with high ash content fuels (slagging) to a larger extent than up 
draught gasifiers. [3]. 
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c) Cross-draught gasifier:  
In which the gas produced passes up wards in the annular space around the 
gasifier Fig (1-3). 
 
Fig (1-3)Cross Draught Gasifier[3] 
Air enters the cross draft gasifier through a water cooled nozzle mounted 
on one side of the fire box. Cross draught gasifiers are an adaptation for use of 
charcoal. Charcoal gasification results in very high temperatures (1500oC and 
higher) in the oxidation zone which can lead to material problems. 
   10
 The charcoal acts as an insulator and dust filter. The gas is produced in 
the horizontal zone in front of the nozzle and passes through a vertical gate into 
the hot gas past on the opposite side. Because of the short path length for the 
gasification reaction, this type of gas producer responds most rapidly for changes 
in gas production. 
Advantages of the system lie in the very small scale at which it can be 
operated. Installations below 10 kW (shaft power) can under certain conditions 
be economically feasible. The reason is the very simple gas - cleaning train 
which can be employed when using this type of gasifier in conjunction with 
small engines. 
A disadvantage of cross-draught gasifiers is their minimal tar-converting 
capabilities and the consequent need for high quality (low volatile content) 
charcoal .However, the cross draft gasifier is not commonly used. 
1.3.1.2 Fluidized bed gasifier: 
In this type of gasifiers air is blown through a bed of solid particles at a 
sufficient velocity to keep these in a state of suspension Fig.(1-4). 
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Fig(1-4)Fluidized bed gasifier [3] 
The bed originally is externally heated and the feed stock is introduced as 
soon as a sufficiently high temperature is reached.  The fuel particles are 
introduced at the bottom of the reactor, very quickly mixed with the bed material 
and almost instantaneously heated up to the bed temperature. As a result of this 
treatment the fuel is pyrolysed very fast, resulting in a component mix with a 
relatively large amount of gaseous materials. Further gasification and tar-
conversion reaction occur in the gas phase. Most systems are equipped with an 
internal cyclone in order to minimize charblow-out as much as possible. As 
particles are also carried over the top of the reactor and have to be removed from 
the gas stream if the gas is used in engine applications. 
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At the heart of a fluidised bed combustor is a hot bed of inert particles 
which are held in suspension fluidised by an upward current of air, fluidised bed 
generally contain either inert material sand or reactive material (limestone or 
catalyst). These will aid heat transfer and provide catalytic or gas cleaning 
action, the bed material is kept at fluid state by the rising column of the gas. 
Normally the operating temperature of the bed is maintained with the range of 
(750-950oC)[1]. 
Advantages of Fluidised Bed Gasifier are: 
1.Fuel feed stock flexibility resulting from easy control of temperature, which 
can be kept below the melting or fusion point of the ash (rice husks), also type 
fuel with calorific vale ranging from 3349.44KJ/kg to33494.4KJ/kg (800 to 8000 
kcal/kg) can be used. [1]. 
2.Good heat storage capacity.  
3. Quick start up. 
4. High combustion efficiency. 
5. High output rate. 
6. Consistent rate of combustion. 
7. Usage of fuel with high moisture content. 
8. Rapid response to fuel input changes. 
9. Uniform temperature throughout the furnace volume. 
10. Reduced emission of harmful nitrous-oxide, and also sulphur dioxide to 
acceptable level with less expenses. 
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Disadvantages: 
Fluidised bed has rather high tar content of the product gas (up to 
500mg/m3 gas), the incomplete carbon burn-out, and poor response to load 
changes. Application range must be above 500 kW (shaft power)[3]. 
1.3.2 Gasifier Operation Characteristics: 
The gas produced has a heating value of about 6MJ/m3. [5].  
Gas composition varies according to the operating condition and type of 
gasifier and also the types of fuels used to gasifer as shown in table(1.1): 
Table (1.1) Producer gases from wood[5] 
Source Types of wood CO2 N2 CO H2 CH4 Unsaturats 
Suction gas 13.7 52.1 17.4 9.8 4.6 2.4 Up-drought 
West wood 
polygas 
11.5 47 22 16 2.5 1 
Imbert 11.2 49.3 20.5 17.4 2 - Downdraft 
Fouchet 16 46.8 13.3 21 2.6 3 
Fluid bed BC”Res” 11.2 53.3 15.8 13.1 3.7 1.6 
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1.4 Wood to Energy Conversion data:- 
a) Before gasification 
• Based on wood moisture content of 15% wet basis. 
• Woods gross heat energy content 15,490 kJ per kg 
• Gasifiers energy conversion efficiency: 73.57 Hot Gas 
• Gasifiers energy conversion efficiency: 70.95% Cold Gas 
b) After Gasification: 
Gas produced from 1kg of wood: 2.185 standard cubic metres  
• Energy content of 1 standard cubic metre of gas: 5,030 kJ. 
• After gasification 1 kg wood yields energy content of 3.05 kW heat. 
• 1kg of wood produces 2.185 cubic meters of gas 
• or 3.165kW heat from burning gas direct 
• or 0.837kW of shaft power i.e. engine 
• 1 liter of diesel has a heat energy content of 9.630 kW heat 
• 1 liter of petrol has a heat energy content of 8.79 kW heat 
• 1 litre of diesel has the same heat energy content as the cold gas from 
3.1579 kg of wood 
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• 1 litre of petrol has the same heat energy content as the cold gas from 
2.882 kg of wood. 
• Air Dry Wood Fuel Gross Heat Energy Content = 4.3 W per kg of wood 
• Energy Heat Yield (Hot Gas) = 1.45W per cubic meter hot gas 
• Energy Heat Yield (Cold Gas) = 1.4kW per cubic meter cold gas 
• Shaft power spark Ignition Engine (Petrol) = 0.37kW per kg of wood. 
• Shaft power spark Ignition Engine (Gas)      = 0.82kW per kg of wood. 
• Shaft Power Dual Fuel Diesel Engine           = 0.86kW per kg of wood.[6] 
Interest in the technology of gasification has shown a number of ups and downs over the 
period (1900-1980) as is strikingly illustrated in fig (1.5) which shows a histogram that 
plots the numbers of wood gasification reports. .It appears that interest in gasification 
research correlate closely with relative cost and availability of liquid and gaseous fossil 
fuels. 
There is an important difference between the earlier period of high interest and present 
situation, however. 
Earlier, the increase in scientific activity corresponded to an increased number of gasifiers 
in practical use. The recent increase in scientific interest has not yet resulted in much 
practical and commercial activity. 
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Figure 1.5Wood gasification citations in Chemical Abstracts [3]. 
1.5 The present case for charcoal gasifiers:  
Charcoal gasifiers dominate the present re-introduction of small gasifier for engine 
operation in developing country. 
Much indigenous research developing now and carried out in developing countries is also 
concentrated on charcoal gasifiers in view of their good prospect for early 
commercialization. This can happen when liquid fuel for internal combustion engines is 
unavailable or expensive. 
In the 1970 and early 1980, about 40 companies' world wide offered to build biomass 
gasification plants for different applications. Since then, many of smaller companies and 
some other largest ones have gone out of business and biomass gasification. 
A characteristic of the energy system in many developing countries –in particular in rural 
areas -is that internal combustion engines are widely used in stationary applications, water 
pump mills and electric power generation. 
In industrialised countries, internal combustion engines are mainly used for vehicles, large 
control power stations. This is why several developing countries are either introducing 
small biomass gasification or are in the process of evaluating the technology. 
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Due to cotton stalk bushy appearance and small diameter, the stalks can not be gasified as 
they are collected in down draft gasifier.  
Prior to gasification the stalks have to be briqutted. Even so they do not form the required 
block charcoal, necessary for the reduction zone. 
1-6 Gasification Test with Cotton Stalks from the Sudan: 
A gasification test in fluidized –bed gasifier was executed in Gezira scheme. The result 
was:- 
Despite of the high SiO2 content (19.2%), the material has a good calorific value, and did 
not develop slogs. Cotton stalks are suitable for gasification; the only process to be 
recommended is the fluidized bed gasification process [8].                    
Cotton stalk were used as fuel for gasifer but there are some difficulties one of them was 
that: 
Gezira board policies prevent the transport of cotton stalks outside the farms. 
1-7 Objectives of the Research are : 
1. In the present study a gasifier has been developed and made successfully to 
produce producer gas. A diesel engine was used and optimised for operation in 
conjunction with the gasifier. 
 
2. To analyze the gas produced in the gasifier  
3. To operate the engine by dual (diesel, producer gas) and obtain engine 
performance. 
4. To see the contribution of the producer gas in the in put power when 
mixing it at different ratios with diesel fuel.    
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5.  To determine the optimum conditions of operation of the engine. 
6. To determine the efficiency of the gasifier. 
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Chapter Two 
General Concept 
2-.1 Definition: 
The word gasification implies converting a solid or liquid into a gaseous 
fuel without leaving any solid carbonaceous residue. Gasification is thermo- 
chemical conversions which take place by heating the biomass with limited 
oxygen to produce lower heating value gas or by reacting with steam and oxygen 
at high pressure and temperature to produce a medium heating value gas. The 
latter maybe used as fuel directly or used in liquefaction by converting it to 
methanol (methyl alcohol CH3OH) or it may be converted to a higher heating 
value gas. Or we can say the heart of gasification-based systems is the gasifier. A 
gasifier converts hydrocarbon feedstock into gaseous components by applying 
heat under pressure in the presence of steam. 
A gasifier differs from a combustor in that the amount of air or oxygen 
available inside the gasifier is carefully controlled so that only a relatively small 
portion of the fuel burns completely. This "partial oxidation" process provides 
the heat. Rather than burning, most of the carbon-containing feedstock is 
chemically broken apart by the gasifier's heat and pressure, setting into motion 
chemical reactions that produce "syngas." Syngas is primarily hydrogen, carbon 
monoxide and other gaseous constituents, the proportions of which can vary 
depending upon the conditions in the gasifier and the type of feedstock.[13] 
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The word Biomass is organic matter produced by plants, and their 
derivatives. It includes crops and residues, crops grown especially for their 
energy content on “Energy farm”, biomass can be considered as a renewable 
energy source because plant life renews and adds to itself every year. 
Fuel gas is produced by the thermal degradation of biomass. Its main 
combustible components are carbon monoxide and hydrogen. But its 
composition and calorific value vary according to the way it is produced and the 
raw material used. 
Fuel gas from an air blown gasifier, for example, may have a calorific 
value of a  round 5.7 MJ/m3, where as that from an oxygen - fed system maybe 
as high as 20 MJ/m3.[1] 
2.2 Biomass Conversion:- 
 Biomass conversion takes many forms: 
1. Direct combustion such as wood waste and bagasse, (sugar-cane 
refuses). 
2. Thermo chemical conversion. 
3. Biochemical conversion. 
2.2.1. Biomass Conversion technologies: 
Takes two forms: 
           1- wet process 
a. Anaerobic digestion (gas consist of CO2, CH4, H2S). 
b. Fermentation (mainly ethanol)[1] 
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2. Dry process: 
In which the material is fed into a reaction vessel and heated in the absence of air (Air 
would cause the product of pyrolysis to ignite). 
As the temperature rises, the cellulose and lignin break down to simpler 
substances which are driven off leaving a char residue behind. This process has 
been used for centuries to produce charcoal. 
The end product of the reaction depends critically on the conditions 
employed. At lower temperatures around 5000C - organic liquid predominate 
whilst at temperature near 10000C a combustible mixture of gases result, 
pyrolysis product include fuel gas, essentially carbon monoxide and hydrogen 
and carbon char, the gas is generally burnt to maintain the temperature of the 
reactor, the char can be manufactured into briquettes for use as solid fuel. 
Pyrolysis can also be carried out in the presence of small quantities of 
oxygen “gasification”, water (steam gasification) or hydrogen 
(hydrogenation)[1]. 
2.3 Gasifier: 
It is equipment which can gasify a variety of biomass such as wood waste, 
agricultural waste and roots of various crops, maize cobs. 
The gasifier is essentially a chemical reactor where various complete 
physical and chemical processes take place, biomass gets dried, heated, 
pyrolysed, partially oxidised and reduced as it flow through the gasifier. 
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The gas produced in the gasifier is clean burning fuel having heating value 
of about 950-1200 kcal/m3 (4030.898-5091.66 kJ/m3)  , Hydrogen (18-20%) and 
carbon-monoxide (18-24%) are the main constituents of the gas.There are many 
or two main types of gasifier such as: 
1- Fired bed (up draught gassifier, down-draught, cross-draft.) 
2- Fluidised bed. 
The gasifiers are classified according to direction of the gas flow, capacity 
of gasifiers. 
2.4 Possibility of using producer gas with different types of Engines: 
Spark ignition (SI) engine, normally with petrol or kerosene, can be run on 
producer gas alone, diesel engines can be converted to full producer gas 
operation by lowering the compression ratio and the installation of a spark 
ignition system. 
Another possibility is to run a normal unconverted diesel engine as a “dual 
fuel” mode, whereby the engine draws any thing between (0 and 90 percent) of 
its power output from producer gas. The advantages of the latter system lie in its 
flexibility. In case of malfunction of the gasifier or lack of biomass fuel, an 
immediate change to full diesel operation is generally possible. 
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2.5 Theory of Gasification: 
The substance of a solid fuel is usually composed of the elements carbon, 
hydrogen and oxygen, in addition there may be nitrogen and sulphur, but since 
these are present only in small quantities they will be disregarded in the 
following discussion. 
In the types of gasifiers, the solid fuel is heated by combustion of a part of 
the fuel, then combustion gases are then reduced by being passed through a bed 
of fuel at high temperature. 
In complete combustion, carbon dioxide is obtained from the carbon, and 
water from the hydrogen, oxygen from the fuel will of course be incorporated in 
the combustion products, thereby decreasing the amount of combustion air 
needed. 
Oxidation, or combustion, is described by the following chemical reaction: 
  C   +   O2                 CO2 -401.9KJ/mole…………. …….. (2.1) 
  H2 + 1/2O2              H2O + 241.1KJ/mole…....……..…… (2.2) 
These formulae means that by burning one gram atom ( i. e 12g of carbon, 
to be carbon dioxide, a heat quantity of 401.9 KJ is released, and that heat 
quantity of 241.1KJ result from the oxidation of one gram molecule i.e. 2.016g 
of hydrogen to water vapour.[3] 
In all types of gasifiers, the carbon dioxide “CO2” and water vapour (H2O) 
is converted “reduced” as much as possible to carbon monoxide, hydrogen and 
methane which are the main combustible components of producer gas. 
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The most important reactions that take place in reduction zone of gasifier 
between the different gaseous and solid reactants are given below: 
 a) C    +     CO2                2CO + 164.9 kJ/k mol…………….…. (2.3) 
 b) C    +    H2O             CO   +   H2 + 122.6 kJ/k mol………(2.4)
 c) CO +  H2             CO   + H2O + 42.3 kJ/k mol……...     (2.5) 
 d) C    + 2H2    CH4   +   zero..................................... (2.6) 
 e) CO +   3H2                  CH4   + H2O - 205.9 kJ/k mol........... ( 2.7) 
A minus sign indicates that heat is generated in the reaction (exothermic), 
a positive sign indicates that the reaction requires heat (endothermic). 
2-5-1 Chemical constituent of wood: 
The main form of biomass is wood whose principal constituent are 
cellulose carbohydrates and lignin (the holocellulose), which constitutes 70-80 
percent of wood tissue is a linear polysaccharide made up of glucose units which 
are represented by following chemical formula 
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H C OH 
 
H C OH 
      I 
H C OH 
 
H C OH O 
     I 
H C OH 
     I 
H C OH 
      I 
CH2 OH 
 
Lignin, the other major constituent of  wood, is a mixture of substance 
which are generally characterized by the presence of four or more substituted 
phenyl propane unit 
                                
                                             -   -------- CH2- CH2-CH2-R 
 
They are bonded to each other either by oxygen or carbon linkage. 
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2-5-2 Chemistry of gasification   
 A schematic diagram of a fixed bed up draught unit is shown in Fig (2-1). 
The fuel descends through the three zones illustrated and the air ascends through 
the oxidative combustion zone, the pyrolysis zone and finally the drying zone 
before being taken of, cleaned as necessary and used as a producer gas. The 
reactions occurring in zones (A, B and C) are as follows: 
In zone A 
 Drying zone 100 – 200 oC 
  Wet wood + heat                          Dry wood + steam 
In zone B: 
 Pyrolysis zone   200 – 500 oC 
Dry wood + heat                  char - CO2 + H2O + CH4+ C2H4 (illuminating gas)
 + pyroligneous Acid + tar 
In zone C: 
 Oxidation of char zone 1100 – 1500 oC 
Char+ O2 + H2O(steam either added or in fuel)           Co + H2 + CO2 + Heat    [ 5 ]. 
The first two processes are driven by the heat given out in the oxidation 
zone, the detailed chemistry of which can be summarized as: 
         C + O2 = CO2 + 393. 8 kJ (at 25oc, 1 atm) (exothermic)[1] 
In this reaction 12.01 kg of carbon is combusted with 22.39 standard cubic 
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meters (SCM) of oxygen supplied by the air blast to yield 22.26 SCM of carbon 
dioxide and 393.800 kJ of heat [6] 
 C + H2O = H2 + CO - 131,400 kJ (at 25oC, 1 atm)…………       …..(2.8) 
In this reaction 12.01 kg of carbon reacts with 22.4 SCM of water vapour 
to yield 22.34 SCM of hydrogen, 22.40 SCM of carbon monoxide and 131,400kj 
of heat is  absorbed  in this chemical reaction[2]. Principal reactions that take 
place in the reduction and distillation zone are: 
a) The Bondouard Reaction: 
  CO2 + C = 2CO + 172.600 kJ at (25C, 1 at m) ……………..….(2.9) 
This high endothermic reaction generates (44.8 SCM) of combustible 
(CO) at of 12.01 kg of carbon and 22.26 SCM of non combustible CO2 which 
absorb 172.600 kJ of energy. 
b) The water shift reaction: 
  CO2 + H2 = CO + H2O - 41,200 kJ (at 25oC, 1 atm)…………..(2.10) 
 And this reaction is weak exothermatic. 
C) The simplified form of methane production  
  C + H2 = CH4 - 75,000 kJ ( at 25oC , 1 atm) ………………(2.11)
   
Also this is a weak exothermatic reaction, 22.38 SCM of methane out of 
12.01 kg of carbon and 44.86 SCM of hydrogen while releasing 75.000 kJ of 
heat. 
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At prevailing temperature of 200oC to 500oC in distillation zone the 
methane generation is too slow to control the temperature. 
1. Combustion  C   +    O2     = CO2 - 393,800 kJ/kg mole 
2. Water gas     C    + H 2O      =  CO + H2 + 131,400 kJ/kg mole 
3. Water shift   CO  +   H2O   = CO2 + H2 - 41,200 kJ/kg mole 
4. Bondouard reaction C+H2O = 2CO + 172,600 kJ/kg mole. 
5. Methane reaction C + 2H2  = CH4 - 75,000 KJ/Kg mole[1&6] 
Reaction (1) therefore is the sole source of heat to drive the process and 
explain why the efficiency of gasification will not exceed about 70% (cold gas 
basis) since some part of the fuel input is required to maintain the high 
temperature of the pyrolysis zone. Reference in the old literature is often given 
to the use of steam to regulate the bed temperature and to improve the product 
gas. 
In the case of the crossly gassifier(one type of gasifier ,it will be discussed 
later) a note is made that while wood does not require steam addition, the use of 
coal in the same gasifier does in order to prevent burning out the grate. 
The key is of course reaction (2) which converts steam to hydrogen, so it 
produces a good fuel gas because it is endothermic. 
The conversion of CO2 in to CO at 800oC and 650oC using carbon in the 
form of wood charcoal is much faster at 800C and reaches its equilibrium after 
one hour under the given laboratory condition the degree of conversion of CO2 
into CO is also much lower at 650oC [5]. 
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Fig.(2-1) Schematic of up draft gasifier[5] 
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Chapter Three 
Conditioning of Producer Gas 
Producer gas leaves the gasifier as a mixture of combustible and non-
combustible gases. The mixture is composed of gas such as H2 (hydrogen), 
CO(carbon monoxide), CH4 (methane), small amount of C2H2 (acetylene), C2H4 
(ethylene), C2H6 (ethane), N2(nitrogen), CO2 (carbon dioxide), tar, vapour, 
mineral vapour, water vapour, dust (mostly carbon and ash), sulphur compounds, 
nitrogen compounds. The non combustible mixtures are undesirable as their 
condensates are corrosive and pollutants in exhaust gases or may seriously 
interfere with operation of burners or internal combustion engines, it is therefore 
essential to clean the gas to a certain extent. 
The generation of H2S is of little importance in gasification of biomass as 
long as sulphur content does not exceed 0.5%. Fuel with nitrogen content less 
than 2% is safe for gasification. Silicon oxide (SiO2) and iron oxide (Fe2O3) in 
dust are objectionable because of their abrasive nature. It is of greatest 
importance that the gas delivered to an engine should be free from dust of an 
abrasive nature and that it should contain the absolute minimum of corrosive 
constituents. 
The cleaning of gas is necessary to avoid wear and tear in engine. Dust 
concentration in the gas depends upon the type of gasifier, intensity of load and 
type of fuel. As load increase dust concentration in producer gas also increase 
the removal of tar from producer gas is one of the more difficult problems in gas 
cleaning [2]. 
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3-1 Purification of raw gas for use in internal combustion engines: 
Ideally only the combustible constituents CO, H2, CH4 and others should 
reach the engine. In practice this goal is not attained. In order to extract the 
harmful (non-combustible), constituent of different cleaning equipment in series 
or parallel are necessary. 
The available cleaning equipment can be classified into two categories: 
1. Non-mechanically aided units such as cyclones, fabric filters. 
2. Mechanical - and electrical filters. 
3-1-1- Non-mechanically aided units such as cyclones, fabric filters. 
a) Cyclone by definition is a dust collector without moving parts in which 
velocity of an inlet gas stream is transformed into conferred vortex. The 
dust separation from the gas stream takes place through centrifugal forces. 
The suspend particles tend to be driven to the wall of the cyclone and are 
collected in an ash bin at the bottom. 
Fabric filter is considered to be one of the suitable filters for vehicle 
application; it is placed immediately after the cyclone. In a filter with glass 
fibre cloth, it is possible to withstand gas temperature up to 300ºC[2]. The 
performance of the filter depends on the type of gasifier, fuel moisture content 
and how vehicle is driven. It is recommended that gas flow rate through filter 
box shall not exceed 65m3/h. Pressure loss over filter  affect load and amount 
of dust in producer gas. Gas cooling increases density of gas in order to 
maximize the amount of gas entering the engine cylinder [2]. 
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Wet scrubbers are used to remove gaseous pollutants and solid particles, 
while cooling the gas at same time. There exist different kinds of scrubbers for 
small scale producer engine system. A packing bed scrubber consists of 
packing, liquid, support grates and distributors plates. Packing can be made 
from wide range of commercial and home made materials (steel, wood, 
woodchips, cob gravel etc.) Gas is passed through bottom and removed at top. 
Cooling also contributes to gas cleaning and makes it possible to avoid 
condensation of moisture in the gas after it is mixed with air before the engine 
intake. [2] 
3-1-2 Mechanical - and electrical filters: 
Electrostatic filters are also known to have very good particle separating 
properties, they could also be used to produce a gas of acceptable quality but 
they are expensive this is why used only in larger installation (500 kw and 
more)[3]. 
3-2-Performance of gasifier - engine system 
Cold gas efficiency of a gas producer may be 70% under favourable 
conditions in gasifier- engine system, losses also occurs at different stages. 
Engine performance is expressed in terms of brake, thermal, and 
volumetric efficiencies. Overall efficiency of the system is the product of 
gasifier efficiency and brake, and thermal efficiencies. 
The actual efficiency of an engine varies in the design, size and running 
condition. Theoretically, gasoline and diesel engine operating on producer gas 
suffer a power loss of 30% and 20% respectively. 
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In practice by consider a wide range of producer gas quality, a power drop 
ranging 25% to 60% can be expected when diesel or gasoline engine is run with 
producer gas[6]. 
3.3 The cooling and condition in used system  
Cooling and cleaning process for producer gas are happening 
simultaneously. (Cleaning by centrifugal force due to the gas curved motion and 
cooling by water). 
At the cooling device some of vapours and volatile gases will be condensed 
and hence separated from flowing gas. In this system there is three separate 
devices for conditioning which are  
1- Wet filtering  
2- Drying 
3- Dry filtering, simultaneous with cooling. 
3-3-1Wet filtering 
The heavier solid particles usually move peripheral to the flow of the gas 
at the bend and rounds. As shown in Fig (3-1) when gas flow through the filter 
the solid particles were separated and settled at the bottom of the filter .Water 
was used in this filter to a level near the lower end .This water help in 
precipitating the flying solid particles, also water cool the gas. 
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Fig. (3-1) Wet filter [10]   
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3-3-2 Gas dryer: 
This device work as a dryer, cooling and filter at the same time. Producer 
gas contents of water vapour as a result of passing through the wet filter. All this 
water vapour has to be removed by passing the gas through the dryer filter. The 
medium used in this filter is (Turror), which is some kind of woody piles 
collected from the river surface at the white Nile in Sudan .The inner fibers are 
very light and have a lot of air cavities .They have spongy feature, so it has a 
great capability of absorbing moisture. Also this medium work as a filter for 
solid particles carried by gas, Fig (3-2) 
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Fig. (3-2) Gas dryer [10] 
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3-3-3 Fine Matter Dry filter  
Before the gas enters the engine, it has to be cleaned from the fine solid 
particles. Sponge is used as a medium. This filter creates a pressure drop. The 
sponge is placed vertically in the box facing the gas flow. The gas enter at the 
bottom of this box and exit at the other facing side at the top of it as shown in 
Fig (3.3).  
The gas will be obtained out of this box as a cool-cleaner-dry gas, suitable 
for admission in an internal combustion engine as a fuel.  
 
 
 
 
 
 
 
 
 
Fig.(3.3) Fine Matter Dry filter[10]. 
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Chapter Four 
Possibility of producer gas to drive engines 
4.1 Producer gas usage: 
In a compression ignition engine constant amount of fuel is obtained by mounting 
an adjusting device for the fuel pressure (normally used on pumps with a hydraulic 
speed governor). A gas air mixture Fig (4-1), (4-2) was connected to the inlet 
manifold of the engine. The gas throttle is manoeuvred by a manual control. The 
compartment between the two throttles in i the secondary air line is connected to 
the vacuum champers of the injection pump regulator. 
 
Fig. (4.1) Gas air mixers tested for the Scania L8050 truck - b. 
 Gas-air mixer designed by the National Testing Institute for Agriculture [3] 
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    Fig. (4-2) Gas air mixers for tests [10] 
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4.2 Fuelling of engines by producer gas: 
The power output from an engine operating on producer gas will be     
determined by the same factors as for engines operating on liquid fuels namely: 
 1) The heating value of the combustible mixture of fuel. 
 2) The amount of combustible mixture which enter the engine during each 
    combustion stroke. 
 3) Thermal efficiency “conversion of thermal to mechanical energy”. 
        4) Engine speed. 
        5) Applied load or Torque. 
4.2.1 Heating value of the mixture: 
         The heating value of producer gas depends on the relative amount of the 
different components, CO, H2, and CH4. Hydrogen in the producer gas is 
necessary to achieve a high heating value and even more important to increase 
the flame speed of the gas air mixture and therefore to decrease the time 
mixture needed for complete combustion. This is a very important fact and one 
of the reasons why producer gas is more efficiently used in low speed engines. 
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4.2.2 Amount of combustible mixture supplied to the cylinder: 
The amount of combustible mixture is determined by the cylinder volume 
of an engine. 
The actual pressure of combustible mixture depends on: 
1) Engine characteristic. 
2) The speed of engine 
3) The pressure of the gas entering the air inlet manifold, the ratio of actual 
pressure to normal pressure which called “volumetric efficiency” of the engine 
and is varying between (0.7 - 0.9). 
4.2.3 Engine efficiency: 
The efficiency depend on the compression ratio of the engine as shown in 
Fig. (4.3). 
 
Fig. (4.3) Compression ratio and efficiency [3] 
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The increase in power output due to increased of compression ratio is 
much more pronounced at higher heating value of the gas. But each increase in 
the compression ratio will result in higher friction which offsets some of the 
gains. Also there are other operational problems with higher compression ratio 
which is reduce the system life such as:- 
 1- Engines are difficult to start. 
 2- Vibrations are created. 
 3 - Wear and tear on piston are increased.    
  In the case of engines fuelled by petrol the allowable compression 
ratio is limited by the octane number of the fuel, which is the measure of the 
compression ratio at which “knocking” occur. 
 Producer gas/air mixture show higher octane number than petrol/air 
mixture. 
The octane number for various gases which occur in producer gas is given 
in table (4.1). 
Octane number Gas 
105 CO 
60 - 66 H2 
105 CH4 
Table (4.1) octane number of producer gas. 
An octane number of 100 - 105 can be expected for a wide range of producer gas 
compositions. [2] 
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4.2.4 Engine speed:- 
The power output depends on the speed of engine. For diesel engines the 
power output is nearly linear with (rpm), for spark ignition engines the power 
output increase is less than linear because of changes in the different efficiency 
factor. The maximum speed of engines fuelled by producer gas is limited by the 
combustion velocity of the combustible mixture of producer gas and air. 
 
4.3 Maximizing the power out put in producer gas driven engines: 
4.3.1 Heating value of the mixture: 
Heating value depends on: 
• The design of the gasifier, 
• characteristic of the fuel provided to gasifier, such as moisture content 
and the size of fuel in gasifier”, 
• Minimization of heat losses from the gasifier,  
• The pressure and temperature during the gasification process.  
• Excess and deficiency of air lead to a decrease in the heating value of the 
mixture Fig(4-3). But it is better to operate the engine with a slight 
excess of air in order to prevent backfiring in the engine exhaust gas 
system. 
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Fig (4-4) Decease of the heating value of a producer gas /air mixture as   
 a function of air deficiency or excess.[3] 
4.3.2 Amount of combustible mixture: 
The amount of combustible mixture is optimized by: 
1)  Introducing a wide inlet manifold, this result in increasing the volumetric 
efficiency, loss gas flow resistance, smaller pressure drop. 
2) Super charging or turbo-charging the engine, the turbocharger                    
would be required to deliver the gas-air mixture into existing unaltered engine 
at differential pressure of one atmospheric pressure  to achieve equivalent ratio 
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increase from 5 to 10 [3]. 
4.3.3 Engine efficiency:  
Engine efficiency can be increased by increasing compression ratio. The 
suitable compression ratio of petrol engine, when using producer gas is 1:10 or 
1:11 and is said to be technically and economically feasible. Most tests found 
that the best performance in dual fuel operating was obtained with a compression 
ratio reduced from (1:16.5) to (1:15.9) and injection at 35o before TDC [2]. 
4.4 Operational differences between Diesel and gasoline engine: 
There is significant difference between diesel and spark ignition engine 
systems with respect to its suitability for producer gas. In diesel engine, diesel is 
injected at the end of compression stroke and gets ignited immediately with out 
any spark ignition. 
In fact diesel engine cannot be operated alone on producer gas as 
temperature and pressure are not sufficient to ignite gas- air mixture. 
Diesel engine is manufactured in three types: 
  A) Direct injection engines 
  B) Turbulence chamber 
  c) Anti-chamber engines 
In these types anti-chamber and turbulence chamber are difficult to 
convert, their compression ratio are high up to 21, the direct injection engines are 
suitable and not required special low compression ratios as long as the 
compression ratio doesn't exceed “16 to1 7”[2]. 
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All known reports reviewed agree that the injection of the diesel oil must 
be advanced, the advance to (30 - 35) degree is a good compromise, these are 
guide lines and the most proper, advance must be found through trial and error in 
each particular case. 
In gasoline engine, air fuel mixture is sucked and is ignited with a spark at 
the end of compression stroke. Gasoline engine running on producer gas can 
operate on producer gas alone without any injection of gasoline. 
In general, low speed engines with large displacement and combustion 
chamber have advantage over higher speed engines. 
4.5 Gas fuel mixture:- 
There are different kinds of valves ranging from simple hand operated 
value to fully automatic valve for control of gas-air mixture see Fig(5-1),(5-2)). 
In producer gas driven engine, finding the correct gas-air ratio is more 
difficult for two reasons: 
1) The gas composition will change over around some time 
drastically. 
2) The power output curve as a function of the percent theoretical 
air has a very pronounced sharp peak . 
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4.6 Hazards with producer gas: 
Producer gas, the mixture of carbon monoxide, hydrogen, methane and 
other gases, is hazardous, if it is not handled and used properly. The most 
poisonous component of producer gas is carbon monoxide. 
4.6.1 Fire hazards 
Most sources of fire hazards are: 
• High surface temperature 
• Sparks during refuelling 
• Flames through gassifier. 
Fire risks can be minimized by taking the following precautions. 
• Insulation of hot parts of system 
• Insulation of double sluice filling device 
• Installation of back-firing valve in gasifier inlet 
4.6.2 Explosion Hazards: 
Explosion can occur if the producer gas is mixed with sufficient amount of 
air to form   explosive mixture. This may happen because of following reasons: 
 -Air leakage into the gas system 
 -Air penetration during refuelling 
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 -Air leakage into cold gasifier still containing gas which can ignite 
Air leakage into the gas system does not generally give rise to explosion. 
To avoid the chance of explosion due presence of producer gas, if any, in  cold 
system, it is necessary to ventilate cold system before igniting the fuel. 
4.6.3 Toxic hazards  
Producer gas consists of carbon monoxide, which is extremely toxic and 
dangerous as it combines with haemoglobin in the blood, preventing oxygen 
absorption and distribution. No chronic symptoms can occur as a result of 
prolonged inhalation of relatively small amounts of carbon monoxide. 
Fortunately, there is less chance of gas escape during operation as gasification 
system works under suction. However, situation is quite different during starting 
and closing installations. To avoid the trapping of gas, it is recommended to 
install the gasifier plant in the open air. 
4.6.4 Environmental hazards: 
During the gasification of biomass, ashes and condensate (mainly water) 
are produced. Ashes do not contribute to any environmental effects. No specific 
information is available about the bio-degradation of the phenol and tarry 
constituents of the condensates. Properties of exhaust emission of engines 
running on producer gas are generally acceptable. 
 
 
 
   49
 
Chapter Five 
System Operation And Testing 
5-1 Specification of the engine: 
The engine selected for the system is a direct-injection single cylinder 
diesel engine. The following are the manufacturer's technical specification for 
the engine: 
Make: 
Model: AM-6(6HP 
Rating: 
Kilowatt/horse power       4.4/6 
Rated speed (R.P.M)       650 
Bore × Stroke (mm)       14. ×139.7 
Cubic capacity liter       1.43 
Compression ratio        18:1 
Fuel consumption gm/ KW.hr       275 
Fuel consumption gm/b.hp.hr      202.1 
Lub.oil consumption at full load (gm/b.hp.hr)   2.75 
Lub.oil sump capacity (liter)      4.5 
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Fuel tank capacity (liter)       10 
Mechanical efficiency (%)      80 
Brake thermal efficiency (%)      30.65 
B.M.E.P (kg/cm2)        5.8 
Torque at full load (kg.m)      6.61 
This engine is an Indian one. [10] 
The test was held in Energy Research Institute-Suba. 
The gasifier was manufactured locally, more details see Ref [10] 
5.2. Initial Test (1) 
Performance of the engine is to be obtained when operated by pure diesel. 
The following parameters can be measured:  
1. Engine running speed in (RPM) 
2. Diesel fuel consumption, using a measuring cylinder and a stop watch 
(litre/min) 
3. Rate of water flow from pump m3/s'. 
4. Pressure in the delivery side. 
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The diesel fuel used in Sudan is light oil, the specifications of which are shown in table 
(5.1) :-  [11] 
Heating value  
MJ/kg 
diesel Chemical 
Formula 
specific 
density 
(kg/m3) 
Max. Min. 
Light oil CnH1.8n 0.84-0.88 44.8     43.8     
Heavy oil CnH1.7n 0.82-0.95 42.5 41.5 
 
The engine is generally prepared, (lubricating oil is changed, cooling 
system is connected, intake and exhaust valves are adjusted, the fuel system was 
checked), then the engine was run idling, after the engine is operating well the 
load is connected. The load used is water centrifugal pump; to check the 
performance of the engine the following parameters are obtained:  
1-engine power  
2-engine speed 
3-engine fuel consumption 
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To check the above parameters the following devices are needed: 
1- Measuring cylinder for measuring fuel, (here 0-1000ml was used) 
2-Stop watch to determine the interval of fuel consumption time 
3- Tachometer for measuring the engine speed. 
4- Water flow meter for measuring volume flow rate of water. 
5- Pressure gauge for measuring pressure (head).  
5.2.1 Test Procedure: 
Different speeds are chosen. The flow of water, pressure, and fuel 
consumption with each speed at specific interval of time are taken.  
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Test results are shown in table (5.2). As a result of these testes the speed against the fuel consumption, the 
break specific fuel consumption (b.s.f.c), the power are plotted as shown in figs (5.1) ,(5.2),(5.3).  
Power=ρQgH 
Where: ρ= density (kq/m3), Q =flow rate (m3), g=gravitational acceleration (m/s2)   , H= head (m)  
Experimental results [test (1)] 
Table (5.2) Performance of the engine when operated by pure diesel fuel 
speed 
r.p.m 
Fuel 
consumption 
ml/min Volume 
pressure 
kPa 
Q 
m3/s 
Power 
 kW 
mf 
 kg/hr 
b.s.f.c 
kg/hr.kW 
time 
min 
716 24 3.82 29.5 6.37E-03 1.8783E-01 1.238E+00 6.593318834 10 
655 17 2.9 27.5 4.83E-03 1.3291E-01 8.772E-01 6.600079002 10 
601.5 16 3.98 16.5 4.42E-03 7.2966E-02 8.256E-01 11.31481245 15 
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Fig (5.1)speed versus fuel consumption, when operated by pure diesel fuel. 
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Fig.(5.2)B.s.f.c versus speed, when operated by pure diesel fuel 
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Fig. (5.3)speed versus power, when operated by pure diesel fuel 
   56
5.3 procedure of test (2)&test (3) &test (4) 
5.3.1 Engine Optimisation Test with dual fuel: 
The engine was carefully prepared, (lubricant oil and cooling system were 
checked). 
The gasifier is cleaned, gasifier filters were checked, the gasifier was 
charged by charcoal with suitable size. The gasifier ports are closed  except that 
for primary air delivery. The by-pass valve leading to the suction fan was 
opened. 
A Piece of cotton cloth was immersed in diesel fuel and ignited by a spark 
then subjected to the ignition port, which faces one of the nozzles supplying air 
to the combustion zone, after the fire start, the flame igniters were removed, ten 
minutes later suction fan was removed also, while the valve leading to the 
engine is opened and the by- pass valve leading to the suction fan was closed. 
The engine was operated just before the suction fan removed, and different 
speeds were applied, the flow of water, pressure, and fuel consumption at each 
speed at specific interval of time were taken. With each speed the secondary air 
valve was full, half and quarter open.   
5-3.2.operation of Gasifier:  
The gasifier is clean, from the ash, the hearth well cleaned, the blower is 
jointed with gasifier and gasifier is burned, after 25 minutes, the engine is started 
with diesel only for ten minutes .then the blower stopped and blower valve is 
closed, a valve leading to the engine is opened, the inlet valve of secondary air is 
adjusted by closed or open the secondary air valve to give exhaust without any 
carbon monoxide.  
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Experimental results of test 2 
The results obtained in table (5.3), (5.4), and (5.5). fuel consumption ,brake specific fuel consumption, and power 
The versus  speed were plotted as shown in fig [5.4 , 5.5 ,5.6 ,5.7 , 5.8 , 5.9 , 5.10 , 5.11 , 5.12].    
  
Table (5.3): Dual fuel operation when firstly engine is run using pure diesel at speed of 700rpm   
                  
Result of test(2) 
  
 
 
 
speed 
r.p.m 
 
cons.ml/min volume m3 
pressure 
kPa 
flow rate 
m3/s power kW 
mf 
 kg/hr 
time 
min 
b.s.f.c 
kg/hr.kW head m comments 
731 25.5 3.93 30 6.550E-03 1.9650E-01 1.53000E-03 10 7.786E-03 63 
secondary 
air  full 
open 
743 25.33 6.13 30.5 6.811E-03 2.0774E-01 1.51980E-03 15 7.316E-03 69 
secondary 
air  half 
open 
755.5 25.6667 6.15 31 6.833E-03 2.1183E-01 1.54000E-03 15 7.270E-03 90 
secondary 
air  quarter 
open 
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Fig. (5.4) speed versus fuel consumption, when firstly engine is run using pure 
diesel at speed of 700rpm) 
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 Fig (5.5) b.s.f.c versus speed in dual, when firstly 
engine is run using pure diesel at speed of 700rpm  
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Fig.(5.6)speed versus power, when firstly engine is run using pure diesel at speed of 700rpm 
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Result of test(3) 
 
Table (5.4): Operation of the engine by using dual fuel, firstly engine is run using pure diesel at speed of 655rpm.   
  
speed 
r.p.m cons.ml/min 
volume 
m3 
pressure 
kPa
Q
 m3/s
power kW
mf 
 kg/hr b.s.f.c 
kg/hr.kW
head 
m comments
time 
min 
689.5 17.5 6.7 29 5.58E-03 1.6191E-01 9.030E-01 5.5773E+00 58
secondary air  full 
open 20 
719 19.33 5.31 29 5.90E-03 1.7110E-01 9.974E-01 5.8295E+00 64
secondary air  half 
open 15 
717 18.5 6.83 29 5.69E-03 1.6507E-01 9.546E-01 5.7831E+00 82
secondary air  
quarter open 20 
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Fig.(5.7)speed versus fuel consumption, when firstly engine is run using 
pure diesel at speed of 655rpm 
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Fig .(5.8) B.s.f.c versus speed in dual, when firstly engine is run using pure 
diesel at speed of 655rpm 
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Fig(5.9)speed versus power, when firstly engine is run using pure diesel at speed of 655rpm 
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Result of test (4) 
 
Table (5.5): Dual fuel operation when firstly engine is run using pure diesel at speed of 600rpm   
  
speed 
r.p.m cons.ml/min 
volume 
m3 
pressure 
kpa 
flow rate 
m3/s 
Power 
kW 
mf 
 kg/hr 
time 
min 
b.s.f.c 
kg/hr.kW
head 
m comments 
 
690 17.6 7.96 29 5.31E-03 1.539E-01 9.08160E-01 25 5.90E+00 63 secondary air  full open 
724  18.2 7.25 29.5 6.04E-03 1.782E-01 9.39120E-01 20 5.27E+00 65 secondary air  half open 
676  17 4.7 26 5.22E-03 1.358E-01 8.77200E-01 15 6.46E+00 79 secondary air  quarter open 
743.3 18.8 9.84 30.5 6.56E-03 2.001E-01 9.70080E-01 25 4.85E+00 74 secondary air between quarter open and half open 
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Fig.(5.10)speed versus fuel consumption, when firstly engine is run using pure 
diesel at speed of 600rpm 
 
3
4
5
6
7
8
9
10
11
12
550 600 650 700 750 800
speed (rpm)
B
.s
.f.
c 
(K
g/
K
W
 h
r)
 
Fig. (5.11) B.s.f.c versus speed in dual, when firstly engine is run using pure diesel at 
speed of 600rpm 
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Fig. (5.12) speed versus power, when firstly engine is run using pure diesel at 
speed of 600rpm 
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Fig (5.13) .Orifice plate used in the test. 
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Where:- 
Di = orifice inner diameter (13cm).  
Do = orifice outer diameter (3.81cm). 
H= the head (  ∆ p=p1-p2). 
C= contraction coefficient (0.95). 
 
 
 
Upstream pressure  tap                      Down stream pressure sensor    
                                     P1                  p2   
                                                                     
 
                                                             ∆ p =p1-p2   
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Table (5.6) shows the volume flow rate of gas and diesel. 
speed 
r.p.m 
Fuel 
cons 
ml/min 
Description  
Gas flow m3/s diesel flow m3/s diesel mass rate kg/s 
716 24 0 0.0000004 0.000336 
655 17 0 2.83333E-07 0.000238 
601.5 16 
  
Pure diesel  
    0 2.66667E-07 0.000224 
731 25.5 63 0.00013375 0.000000425 0.000357 
743 25.33 69 0.00013998 4.22167E-07 0.00035462 
755.5 25.6667 90 
Dual 
primary 
speed 
700rpm 0.00015986 4.27778E-07 0.000359334 
689.5 17.5 58 0.00012833 2.91667E-07 0.000245 
719 19.33 64 0.00013481 3.22167E-07 0.00027062 
717 18.5 82 
Dual 
primary 
speed 
655rpm 0.00015259 3.08333E-07 0.000259 
690 17.6 63 0.00013375 2.93333E-07 0.0002464 
724 18.25 65 0.00013586 3.04167E-07 0.0002555 
676 17 79 0.00014978 2.83333E-07 0.000238 
743.3 18.8 74 
Dual 
primary 
speed  
600rpm 
0.00014496 3.13333E-07 0.0002632 
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 Table (5.7) shows the contribution of gas and dieses in out put power. 
 
Speed rpm A B C D 
731 0.7623866 15.351 16.11339 0.04731387 
743 0.7978652 15.249 16.04653 0.04972199 
755.5 0.9112263 15.451 16.36258 0.05568965 
689.5 0.7315079 10.535 11.26651 0.06492765 
719 0.7684135 11.637 12.40507 0.06194349 
717 0.869785 11.137 12.00679 0.07244113 
690 0.7623866 10.595 11.35759 0.06712576 
724 0.7743935 10.987 11.76089 0.06584478 
676 0.8537261 10.234 11.08773 0.0769974 
743.3 0.8262679 11.318 12.14387 0.06803992 
 
Column A represents the corresponding power to produce gas  
Column B represents the corresponding power to diesel 
Column C represents the corresponding power to both  
Column D represents the percentage of producer gas from the total 
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QTYDescriptionNo
 Metal sheet  1mm thick1 
 Metal sheet  3mm thick 2 
 Nipple &bushes  100φ 3 
1 Vertical grate 2 mm thick4 
1 Inspection port 127 φ  5 
1 Grate shaking shaft  40 φ6 
1 Ash disposal door  7 
1 Horizontal grate  8 
 Holes     10 mm dia 9 
1 Throat 70 φin-120 φout 10 
6 Air nozzles   7 φ 11 
1 Air outlet    38 φ 12 
scal
e 
 
1:10 
Gasifier  Details(sec. x-x)  
 
Fig (5.14) gasifier details [10]. 
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Fig (5.15)[10] 
Pump 
  1
5.4 Discussion of Results: 
Test (1): 
Table (5.2) shows data obtained when the engine was run using pure 
diesel fuel, Figs (5.1) & (5.2) & (5.3) were plotted from this data.  
Fig (5.1) shows the fuel consumption versus speed. It clear that fuel 
consumption increases with increases of speed. 
Fig (5.2) shows brake specific fuel consumption versus speed. This figure 
shows that   b.s.f.c decreases when speed increases till reaching 682 rpm, 
then the b.s.f.c increases as speed increases. The optimum situation 
obtained at the speed of 682 rpm because there is minimum b.s.f.c which 
is 6.6 kg/kwhr.This may taken as the speed of best economy of operation. 
Fig (5.3) shows power out put versus speed. When speed increases power 
 out put increases, naturally an expected trend .   
Test (2): 
 Table (5.3) shows data obtained when the engine is tested using 
dual fuel at primary speed of 700 rpm, Figs (5.4) & (5.5) & (5.6) were 
plotted from this table.  
Fig (5.4) shows the fuel consumption versus speed. Fuel consumption 
decreases when speed increases. When reaching 743rpm, the fuel 
consumption begin to increase when speed increases, so the optimum 
speed is 743 rpm in which minimum fuel consumption is 25.4 mL/min.  
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Fig (5.5) shows speed versus brake specific fuel consumption (b.s.f.c). 
The (b.s.f.c) decreases when speed increases till reaching a minimum 
b.s.f.c which is 6.26 kg/kw hr, at a speed of 744 rpm While engine is 
running using diesel fuel b.s.f.c is 6.6 kg/kwhr .This decrease in b.s.f.c is 
consider to be due to contribution of producer gas.    
Fig (5.6) shows speed versus power out put, when speed increases power 
out put increases.  
Test (3): 
Table (5.4) shows the data obtained when the engine is tested using dual 
fuel at a primary speed of 655 rpm, Figs (5.7) & (5.8) & (5.9) were 
plotted from this table. 
Fig (5.7) shows the fuel consumption versus speed. Fuel consumption 
decreases when speed increases, when reaching 702 rpm, the fuel 
consumption increases when speed increases, so the optimum speed is 
702 rpm in which fuel consumption is 15.5 mL/min. 
Fig (5.8) shows speed versus brake specific fuel consumption .Avalue of 
5.55 kg/kwhr for b.s.f.c is obtained at speed of 702rpm. When the engine 
was run using pure diesel fuel b.s.f.c was 6.6kg/kwhr .The decrease in 
b.s.f.c may be attributed to the use producer gas .  
Fig (5.9) shows speed versus power out put and again a general trend is 
noticed, when speed increases power out put increases. 
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Test (4): 
Table (5.5) shows the data obtained when the engine is tested using dual 
fuel at a primary speed of 600 rpm, Figs (5.10) & (5.11) & (5.12) were 
plotted from this table. 
Fig (5.10) shows the fuel consumption versus speed. When power out put 
increases speed increases.  
Fig (5.11) shows speed versus brake specific fuel consumption .The 
b.s.f.c decreases when speed increases. The b.s.f.c is 4.85 kg/kW hr at 
speed of 743.3 rpm when the engine was running using a diesel fuel 
b.s.f.c was 11.31 kg/kwhr .The saving in b.s.f.c may be due to the 
introduction of producer gas mixed with diesel fuel. 
Fig (5.12) shows speed versus power out put. When speed increases 
power increases.  The optimum speed is 674 rpm at which the power was 
found to be 0.2kw. 
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5.5 Conclusion: 
   From table (5.5) the contribution of producer gas to total power out put 
is very low, and this may be either due to low efficiency of gasifier or 
there is no matching between the gasifier and the engine. This result can 
be confirmed by analyzing the producer gas by using gas analyzers . The 
gaseous and diesel fuel must be satisfied with engine air demand. One of 
the methods of increasing the contribution of gas in out put power is to 
change the injection timing which cannot be achieved in this engine.   
Table (5.8)comparison of  B.s.f.c when using pure diesel and dual fuel.  
b.s.f.c in pure 
diesel(kg/kWhr 
b.s.f.c(kg/kW 
hr)(dual fuel) 
Speed 
rpm  
Power 
(kW) 
 
6.6 6.26 743 0.208 Test(2) 
6.6 5.55 702 0.145 
6.6 5.85 719 0.141 
Test(3) 
11.31 4.85 743.3 0.2 Test(4) 
The optimum situation to operate the engine with dual fuel (diesel& 
producer gas) is:- 
1- The engine must operate at first by diesel fuel at speed of 600rpm. 
2- When the engine is switched to dual fuel the secondary air valve must 
be in-between quarter and half open. 
3. As shown in table (5.8) when using dual fuel the brake specific fuel 
consumption for test(4) is 4.85kg/kwhr while in pure diesel it was 
11.31kg/kwhr ,so this indicates that there is a substantial saving  in diesel 
fuel.  
  5
As a general conclusion, in the present study a gasifier has been 
successfully optimized. The gas produced from this gasifier was used to 
run a diesel engine mixed in certain ratios to the known diesel fuel. Test 
result proved that considerable savings in diesel fuel may be obtained by 
this method. However more refinement and optimization is needed in the 
gasifier and engine.  
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5.6 Recommendations: 
1- The gas produced in the gasifier must be analyzed for different 
amount of air entering the gasifier to determine the sufficient air for 
the gasifier to produce a gas with a high calorific value. The 
analysis will also help in finding the efficiency of gasifier by 
(determining the calorific value of producer gas, and gasifier fuel ) , 
(Different amounts of air  can be obtained by connecting the blower 
through a variable resistance switch)  
2- The engine must be changed to  match the gasifier (To be able to 
suck sufficient air to gasifier to produce optimum amount of gas 
3- The engine must be changed to one which has the ability of 
changing the top dead centre (TDC), to see its effect on out put 
power when engine operate with dual fuel. 
4- In optimum situation when engine operate with dual fuel the gas 
must be analyzed to determine the contribution of producer gas in 
the out put power. 
5- The author tried very hard to get hold of a gas analyzer but all these 
efforts went astray. Therefore it is recommended here that a gas 
analyzer should be provided to predict the constituents of the 
producer gas and hence help in the optimization of the gasification 
process.  
6- An engine dynamometer should be used so as to test the engine at 
different load and speed. 
7- Proper engine instrumentation with data loggers will be of great 
assistance in arriving at sound and plausible results.  
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